Background: Randomized trials assessing the effect of systemic corticosteroids on chronic obstructive pulmonary disease (COPD) exacerbations excluded patients who were mechanically ventilated or admitted to the intensive care unit (ICU). Critically ill patients constitute a population of persons who are prone to develop complications that are potentially associated with the use of corticosteroids (eg, infections, hyperglycemia, ICUacquired paresis) that could prolong the duration of mechanical ventilation and even increase mortality.
tion in patients treated with noninvasive mechanical ventilation.
Results: There were no significant differences between the groups in demographics, severity of illness, reasons for COPD exacerbation, gas exchange variables, and corticosteroid rescue treatment. Corticosteroid treatment was associated with a significant reduction in the median duration of mechanical ventilation (3 days vs 4 days; P=.04), a trend toward a shorter median length of ICU stay (6 days vs 7 days; P=.09), and significant reduction in the rate of NIV failure (0% vs 37%; P=.04).
Conclusion: Systemic corticosteroid therapy in patients with COPD exacerbations requiring mechanical ventilation is associated with a significant increase in the success of noninvasive mechanical ventilation and a reduction in the duration of mechanical ventilation Trial Registration: clinicaltrials.gov Identifier: NCT01281748 Arch Intern Med. 2011; 171(21) : [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] P ATIENTS WITH CHRONIC OBstructive pulmonary disease (COPD) have intermittent episodes of acute exacerbation that often require hospitalization. Hospital treatment for COPD exacerbations includes the use of bronchodilators, antibiotics, oxygen, and systemic corticosteroids. [1] [2] [3] The efficacy of systemic corticosteroid therapy on the outcomes of acute exacerbations of COPD was recently evaluated in a Cochrane systematic review. 4 Overall, the change in forced expiratory volume in the first second of expiration within the first 72 hours was increased in patients who were given corticosteroids (mean difference, 140 mL; 95% confidence interval [CI] , 90-190 mL); there were fewer treatment failures within 30 days (odds ratio, 0.50; 95% CI, 0.36-0.69); and the duration of hospitalization was significantly shorter (mean difference, −1.22 days; 95% CI, −2.26 to −0.18 days). There was no effect on mortality, but 1 extra adverse effect occurred for every 5 patients who were treated, and the risk of hyperglycemia was significantly increased (odds ratio, 4.95; 95% CI, 2.47-9.91).
Exacerbations of COPD occur in 5% to 15% of patients who are receiving mechanical ventilation in intensive care units (ICUs). [5] [6] [7] [8] Because studies evaluating the effect of the use of corticosteroids on the outcomes of exacerbations of COPD have been limited to patients who were ini-tially cared for outside the ICU, it is uncertain whether the results are applicable to more severely ill patients. Furthermore, the risks associated with the use of corticosteroids in critically ill patients are unclear, but recent studies of ventilated patients found a strong association between the use of corticosteroids and muscle weakness. 9, 10 Because critically ill patients constitute a population of persons who are prone to develop complications potentially associated with corticosteroid therapy (eg, infections, hyperglycemia, ICU-acquired paresis) that could prolong the duration of mechanical ventilation and even increase mortality, we conducted a randomized trial to evaluate the efficacy and safety of systemic corticosteroid therapy in patients with an acute exacerbation of COPD who were receiving ventilatory support.
METHODS

STUDY PATIENTS
All patients who were 18 years or older with known COPD and who were hospitalized because of an exacerbation that required ventilator support in participating ICUs were eligible for entry into the study. Exacerbation of COPD was defined as the presence of 2 or more of the following: worsening dyspnea, increase in sputum purulence, or increase in sputum volume, with acute hypercapnic respiratory failure (pH Ͻ7.35, with a PaCO 2 Ͼ45 mm Hg) requiring invasive or noninvasive mechanical ventilation. Patients were excluded if they had a history of (1) asthma or atopy; (2) use of systemic corticosteroids within the preceding month; (3) use of systemic corticosteroids for the treatment of COPD exacerbation for more than 24 hours at the time of randomization; (4) clinical or radiologic evidence of pneumonia; (5) uncontrolled left ventricular failure requiring the use of inotropes or vasoactive drugs, (6) uncontrolled arterial hypertension; (7) uncontrolled diabetes mellitus; (8) a neuromuscular disease; or (9) allergy and or adverse reaction to corticosteroid therapy.
PROTOCOL
The trial was approved by the ethics committee at each center, and written informed consent was obtained from the patients or their surrogates. Randomization was performed by the hospital pharmacy at each center by a random number table with permuted blocks of 4, with stratification according to the type of mechanical ventilation (conventional or noninvasive), and the allocation schedule was concealed with sealed envelopes that were opened sequentially. Pharmacists dispensed the intravenous medications in a blinded fashion. Within 24 hours after ICU admission, the patients were randomly assigned to 1 of 2 groups: corticosteroid group (methylprednisolone: 0.5 mg/kg every 6 hours for 72 hours, 0.5 mg/kg every 12 hours on days 4 through 6, and 0.5 mg/kg/d on days 7 through 10) or placebo group (50 mL of intravenous normal saline solution). The nurses who were administering the medications of study, the physicians who were caring for the patients, and the local investigators and research personnel who collected the data were unaware of the treatment assignments. The physicians who were in charge of the patients were free to prescribe systemic corticosteroids after the third study day if they thought that clinical improvement was not satisfactory, in which case the administration of the study medication was suspended.
The patients in both groups received an inhaled ␤ 2 -adrenergic agonist (2.5 mg of salbutamol every 6 hours or 2 puffs from a metered-dose inhaler at least 4 times daily) and inhaled ipratropium bromide (0.5 mg every 6 hours or 2 puffs from a metered-dose inhaler at least 4 times daily). Any patient who was receiving inhaled corticosteroid therapy before randomization was continued on this therapy. Systemic antibiotics were used at the judgment of the treating physicians.
Patients who were treated with noninvasive mechanical ventilation were considered to need tracheal intubation if they met any of the following criteria: a pH of less than 7.20; a pH of 7.20 to 7.25 on 2 separate measures within 1 hour apart; a hypercapnic coma (Glasgow Coma Scale Ͻ8 and PaCO 2 Ն60 mm Hg); a PaO 2 of less than 45 mm Hg despite a maximum tolerated fraction of inspired oxygen; and/or cardiac arrest. Patients with conventional mechanical ventilation were screened each morning to evaluate their recovery from respiratory failure and to see whether they should start being weaned from mechanical ventilation. In patients with noninvasive mechanical ventilation, weaning was considered successful if after at least 3 hours of breathing without ventilator assistance the following criteria were met: an arterial oxygen saturation of 90% or more with a fraction of inspired oxygen of 40% or less, a pH of 7.35 or higher, and a respiratory rate of 35 breaths/min or less.
END POINTS
The primary end points were duration of mechanical ventilation, length of ICU stay, and need for intubation in patients treated with noninvasive mechanical ventilation. The secondary end points were length of hospital stay and ICU mortality. The complications of systemic corticosteroid therapy were assessed with the following criteria: secondary infection (the administration of antibiotics for any proved or suspected infection); gastrointestinal bleeding (the presence of clinically relevant hematemesis or melena with a decrease in hemoglobin level Ն2 g/dL [to convert to grams per liter, multiply by 10]) in the absence of any other source of loss of blood); arterial hypertension (the institution or intensification of antihypertensive therapy because of a systolic pressure Ͼ160 mm Hg and/or a diastolic pressure Ͼ90 mm Hg); hyperglycemia (the initiation of insulin therapy because of a blood glucose level Ͼ120 mg/dL [to convert to millimoles per liter, multiply by 0.0555] in patients without preexisting diabetes mellitus or increased doses of insulin in patients with diabetes mellitus); hospitalacquired pneumonia (the presence of a new persistent or progressive infiltrate on chest x-ray films and at least 2 of the following criteria: [1] 4 CFU/ mL; semiquantitative culture from a protective brush catheter [Ն10 3 CFU/mL]; positive blood culture result; positive pleural fluid culture result; and ICU-acquired paresis [patients with a Medical Research Council score Ͻ48 were considered to have ICU-acquired paresis]). Delirium was assessed with the Confusion Assessment Method for the ICU. The following data were recorded on days 1 to 5: arterial blood gas analysis, plasma Creactive protein level, white blood cell count, maximal blood glucose level, daily dose of insulin, and intrinsic positive endexpiratory pressure (only in patients who were intubated).
STATISTICAL ANALYSIS
Sample size was estimated from our previous observational study. 6 A sample size of 198 patients was estimated to have at least 80% power at an ␣ error of 0.05 to detect 2 days' difference in the duration of mechanical ventilation, with an SD of 5 days. Data are presented as mean (SD), medians with the 25th and 75th percentiles, or proportions as appropriate. The studied groups were compared on an intention-to-treat basis, and P Ͻ .05 was considered significant in 2-sided tests. Of 354 patients who underwent screening for eligibility, 271 (76%) were excluded and 83 were randomly assigned to treatment (Figure 1) . The low rate of enrollment precluded completion of the original sample size. The most common reason for exclusion was the prior use of corticosteroids. As a whole, 1 of each 2 potentially eligible patients had received corticosteroids either in the previous month or during the 24 hours before randomization. There were no statistically significant differences between the patients included in and those excluded from the study with respect to age (68 [10] cant differences between the groups with respect to demographics, severity of illness, reasons for COPD exacerbation, and gas exchange variables, but the blood glucose level was significantly higher in the corticosteroid treatment group (P=.02), probably because there was a higher prevalence of diabetes mellitus in this group. There were no statistically significant differences between groups in the use of systemic antibiotics (65% of patients in the placebo group and 74% in the corticosteroid group; P=. 35 (Figure 2) . Plasma C-reactive protein levels decreased over time in the corticosteroid group and were statistically significantly lower than those in the placebo group on days 4 (P =.02) and 5 (P=.01); however, the white blood cell count was significantly higher in the corticosteroid group on those days (P=.02 on day 2, P = .01 on day 3, P Ͻ.001 on day 4, and P=.01 on day 5) (Figure 3) .
Outcomes are shown in Table 2 . The treatment with corticosteroids was associated with a statistically and clinically significant 1-day reduction in the median duration of mechanical ventilation (3 days vs 4 days; P =.04) and a trend toward a shorter length of ICU stay (6 days vs 7 days; P =.09). Furthermore, failure of noninvasive mechanical ventilation was significantly and clinically reduced in patients assigned to corticosteroid treatment (0% vs 37%; P=.004). In-ICU mortality was similar in the 2 groups (10% vs 12%; relative risk, 1.16; 95% CI, 0.34-4.03; P=.81).
The treatment with corticosteroids was associated with an almost 2-fold increase in the risk of hyperglycemia requiring treatment (46% vs 25%; relative risk, 1.86; 95% CI, 1.00-3.48; P=.04). Compared with the placebo group, the corticosteroid group had significantly higher glucose levels and daily insulin doses throughout the 5-day study period (Figure 4 ). There were no reported cases of ICU-acquired paresis (Table 3) , and there were no statistically or clinically significant differences in Medical Research Council score values between the 2 study groups.
COMMENT
This is the first clinical trial (to our knowledge) in patients receiving mechanical ventilation for a COPD exacerbation that confirmed the benefits of systemic corticosteroid therapy and showed a clinically significant reduction in both the duration of ventilatory support and the failure of noninvasive mechanical ventilation. The results of our study might not have a great impact on the current clinical treatment of ICU patients with COPD exacerbations because most of them are probably treated with corticosteroids, [11] [12] [13] [14] but they do provide strong evidence of the beneficial effects of systemic corticosteroid Corticosteroids Placebo * * * * therapy on clinically relevant outcomes in a patient population that had never previously been enrolled in a clinical trial. Randomized trials assessing the effect of systemic corticosteroid therapy on COPD exacerbations have excluded patients with respiratory failure who required mechanical ventilation or ICU admission [15] [16] [17] ; moreover, patients were withdrawn from the studies if respiratory acidosis or a need for mechanical ventilation occurred. 15, 18, 19 Our results show that corticosteroid therapy was associated with an absolute reduction of 1 day in the median duration of mechanical ventilation and a relative reduction of 25%. Because the sample size was small, the study was underpowered for detecting a statistically significant difference in the median length of ICU stay that was reduced by 1 day. The magnitude of the treatment effect on the duration of ventilation and ICU stay is similar to that reported regarding the duration of hospitalization in clinical trials of nonventilated patients with exacerbated COPD. In the study by Davies et al, 20 the median length of hospital stay in patients treated with corticosteroids was significantly shorter than in those receiving placebo (7 days vs 9 days; P =.03). Niewoehner et al 21 reported that the average length of hospitalization was significantly longer in the placebo group than in the corticosteroid group (9.7 days vs 8.5 days; P=.003). Wood-Baker et al 19 reported a reduction in the length of hospitalization from 9.5 (5.2) days in the placebo group to 8.1 (4.4) days in the corticosteroid group.
Noninvasive mechanical ventilation is an adjunct treatment in COPD exacerbations. Although it significantly reduces the risk of tracheal intubation to more than half com- (14) .71
Abbreviations: CMV, conventional mechanical ventilation; ICU, intensive care unit; NIMV, noninvasive mechanical ventilation. a Data are presented as median (interquartile range) unless specified otherwise. b Data are from patients who underwent planned extubation and received CMV either initially or after failure of NIMV. pared with usual care in patients with COPD exacerbations, the percentage of patients needing intubation after trying noninvasive mechanical ventilation ranged from 0% to 52% in randomized trials [22] [23] [24] and from 14% to 48% in observational studies. 6, [25] [26] [27] [28] [29] [30] [31] [32] [33] In our study, the percentage of patients needing tracheal intubation in the placebo group (38%) was comparable to that reported in other studies, [26] [27] [28] while noninvasive mechanical ventilation failure was absent in the corticosteroid group. The markedly beneficial effect of corticosteroid therapy on the avoidance of tracheal intubation likely caused the reduction of 2 days in the median duration of mechanical ventilation and 1 day in the median length of ICU stay among patients in the noninvasive mechanical ventilation group.
The variability in published outcomes for patients with COPD exacerbations requiring mechanical ventilation suggests that significant heterogeneity exists within populations, so comparison of the different studies is not easy. Observational studies published in the last 10 years have reported median durations of mechanical ventilation ranging from 2 to 12 days, 6, 26, 29, 30, 34 median lengths of ICU stay ranging from 3 to 14 days, 6, 29, 30, [34] [35] [36] [37] and ICU mortality rates ranging from 10% to 30%. 6, 29, 30, [34] [35] [36] [37] More than 75% of patients received invasive mechanical ventilation in all of the aforementioned studies. By contrast, randomized trials performed in the last 10 years in patients with COPD exacerbations requiring mechanical ventilation used noninvasive mechanical ventilation in 50% to 100% of enrolled patients and reported ICU mortality rates ranging from 4% to 23%. 23, 24, 38, 39 In our opinion, the beneficial effect of corticosteroid therapy observed in the present study may be generalized, because the characteristics of our study population and the outcomes are consistent with those reported in other studies. Furthermore, the results may be also applicable to patients excluded from the study since the demographic characteristics, severity of illness, and mortality of these patients were similar to those of included patients. A high percentage of patients screened for inclusion in this clinical trial were excluded. The most common reason for ineligibility was previous treatment with systemic corticosteroids. Other studies have reported rates of exclusion ranging from 75% to 89%, 16, 17, 20, 21 and between 23% and 50% of screened patients had previously taken systemic corticosteroids, 16, 17, 20, 21 findings that are very similar to those reported in the present study. However, to our knowledge, our study is the only one that collected information of excluded patients and showed that they were not different from the study group.
Corticosteroids are very potent inhibitors of inflammation. In our trial, the decline in C-reactive protein levels was faster in patients who were treated with corticosteroids. This finding has been also reported in randomized controlled trials evaluating the efficacy of corticosteroid therapy in patients with communityacquired pneumonia. [40] [41] [42] Changes in the immune response may contribute to the reduction in the duration of mechanical ventilation in patients assigned to corticosteroid treatment.
The optimal dose of corticosteroids and the duration of treatment for COPD exacerbations requiring hospitalization remain unknown. Most clinical trials reporting benefits administered corticosteroids for 10 to 14 days, 4 and there is evidence that courses longer than 2 weeks have no advantages. 21 Dosages varied from 30 mg of prednisolone per day 20 to 125 mg of methylprednisolone every 6 hours. 21 We have demonstrated that a tapered course of 10 days, with a high dose during the first 4 days, reduces the duration of mechanical ventilation, although it is possible that a lower dosage could obtain a similar effect. Corticosteroid treatment was not associated with an increased risk of gastrointestinal bleeding, superinfections, psychiatric disorders, or acquired neruromuscular weakness in our study. Similar findings have been reported in a recent systematic review on the benefits and risks of the use of corticosteroids in patients with severe sepsis and septic shock 43 and in a randomized trial on the use of corticosteroids in patients with persistent acute respiratory distress syndrome. 44 On the contrary, hyperglycemia is a known complication of corticosteroid treatment. 43, 44 Hyperglycemia was the major complication of corticosteroid therapy that we identified. However, the disparity in glycemic control had no unfavorable clinical consequences on mortality or neuromuscular abnormality.
A limitation of our study is that the sample size was too small to detect uncommon risks associated with corticosteroid treatment, such as neuropathy causing difficulties in weaning, which would offset the reduction in the duration of mechanical ventilation that was observed in our clinical trial. There are other limitations. The study lasted 5 years because of the lower enrollment rate, which was mainly due to a reduction in ICU admissions of patients with COPD exacerbations and a high rate of exclusion. We do not believe that this limitation affects the study findings. It is also possible that during the study period there were significant changes in the treatment of these patients. In our opinion, the only substantial change could be an increase in the use of noninvasive mechanical ventilation. Our study included a high number of patients treated with noninvasive mechanical ventilation and demonstrated that corticosteroid treatment is beneficial in these patients. We conclude that systemic corticosteroid therapy for patients with COPD exacerbations requiring mechanical ventilation is associated with a clinically significant increase in the success of noninvasive mechanical ventilation and a modest but relevant reduction in the duration of mechanical ventilation.
